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Dengue Fever Virus and Japanese Encephalitis Virus Synthetic 
Peptides, with Motifs to Fit HLA Class I Haplotypes Prevalent in 
Human Populations in Endemic Regions, Can Be Used for Application 
to Skin Langerhans Cells to Prime Antiviral CD8 + Cytotoxic T Cells 
(CTLs) A Novel Approach to the Protection of Humans 
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,?afnct rinrS" 5 " ™>T* '° indUCe CD8 " Cyt0toxic T celIs in infcc ^ individuals, indicating 
thai noiupeptidM. proteolyt.c cleavage products of the viral precursor protein enter the endooES 
retrculum ,„ .nfected cells and interact with HLA class I molecu le s . T^e assembled H LA c^ss ^ 
molecules are transported to the plasma membrane and prime CDS' T cells Cum« knowledS of 
the mteract.on ol v.ra. peptides wi.h HLA molecules is reviewed. Based on this rev ew an idea* 
presented to .use synthetic flavivirus peptides with, an amino acid motif to fit withTe HLA dass 

s n' Sic " ^ °' haP '° ,yPeS preva,ent in ■» ^ - e dem c area Thes 

•■^tion^tSli" T bC ' n,r0dUCed in, ° ,hC human Skin usin * a lotion containing the pept de 
( Peplot.on ) together w.th substances capable of enhancing the penetration of these peptides imo the 

2 ITk H a "f rhUnS K Ce " S - ^ngerhans cells. professional anUge^ P esem ^ 
.ells, may b.nd the synthet.c vra! peptides by their HLA class I pepiide-binding grooves Amigenf 
ToZV^ rhanS " !, V re able t0 -"isnue and rnducc the cellulaHmmune respond the I m P h 
orotecnln " PPr fl t0 ^ P n ™ n « antiviral CDS' cytotoxic T cells may provide cellular immune 
pro.ect.on from flav.v.rus mfect.on without inducing the humoral immune response, which canTeTd to 
the shock syndrome ,n Dengue fever patients. To be able to develop anti Dengue vfus synthetic 

^lo^ETr? ? n erem HLA daSS I haP, ° lyPeS - il is ne « ^ 10 deve ">P computal-o 
n f ,h! 1 . • r gUC V ' rUS Syn,hetlC pep,ides with mo,,fs t0 fit the HLA haplotypes 

k"! 8 ^ a " C r demiC rCg,0n f0r Den « ue fevcr - Experiment* to study Dengue viru 
and Japanese encephalms pept.des vaccines and their effectiveness in protection against Dengue feve 
and Japanese encephalms are needed. The development of human antiviral vaccines fe apSoto 

ZZSS^ZS™ rPep,0,i °""' •*» affordable^!: ^ 5 

"n L^ «™< «* — ~ Peptides. HLA 



Introduction 

Porterfieid fl) analyzed the phenomenon of" anti- 
body-dependent enhancement of viral infectivity 



and noted that both neutralizing and non* 
neutralizing antiviral antibodies are synthesized 
in virus-infected individuals. The latter antibod- 
ies might potentiate or "enhance" viral infec- 
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iiviiy: Indeed. ,ho phenomenon of immune en- 
hancement or vral infections of flaviviniscs P 3, 
and human immunodeficiency virus lHIV-ln4) 
make effective vaccine development f or these 

SSTmJ "I 0 " d, ' ffiCU,t - P ° r,erfidd * » '™ 
cated that the phenomenon was first described 

by Hawkes (5). and Hawkes and LaffertyTe, for 

Murray Valley encephalitis virus (MVEV) Hal 

stead et al. (7) reported on the enhancement of 

SfroTn J"" VlrUS . infccti °« macrophage in 
vuro. ,n humans with Dengue fever, and in e 

£ver virus ( 1 .8). It was noted in the studies by 
Halstead e. al. that infection by any Deneue * 

" z°\z e ^ fo ; ,owed by homo, ^ ic ft 

but the indmdual ,s still fully susceptible to in- 

Whrr h a , d 5 ertm Den ^ e virus serotype 
2 w - S h ,Ca, h DengUe fever is » benign febrile 
tHness with a characteristic rash. Dengue hemor- 

(DSS) occurred almost exclusively in children 

who were experiencing secondary Dengue inrec 
non a nd already had antjbodj V s ntec 

Dengue serotype ,9). This phenomenon of en! 
hancement of the virus disease by antiviral anti- 
bodies made the development of a vaccine o 
protect humans an enigma. 

To deal, with the question of the development 
ot an effective antiviral protective immune re 
sponse against Dengue fever virus, it is neces- 
sary to. obtain insight into the nature of Deneue 
virus infection of cells, how the viral pro,^ 
synthes.zed ,n the infected cells are processed 
by the mfected cells, and which viral pept^es 
are presented in association with the HLA class 
I and dass II molecules to prime cvtoto.xic T 
ccHs and T helper cells, respectively.' Recen ,y 
understandmg of the organization of the peptide 
binding grooves of HLA class I and class II mol! 
ecu es. as well as the motifs in the self and viral 
peptides assocated with such peptide binding 
grooves, was achieved. Knowledge of the intra 
cellular proteolyt.c processing of structural and 
nonstructural viral proteins and the interaction 
of the v,ral pept.des with HLA class I and class 
I molecules may provide a logical. approach to 

S, SST H° f Pr ° feSSi0nal -"^n Presenting 
cells. I ke dendnt.c cells (DC), to present, via 
HLA class I molecules, a selected repertoire of 

■S?h? IT ? ymhetic pep,ides wi,h ™«* i«- 

««S HLA haplotypes of the human populations 



in endemic regions. Such viral peptides mav 
pnme ant-Dengue virus memory CD8 ! cv.a 
toxK : T cells known t0 eliminated ed ce ^ 

I^ST V ' rUS Pr ° geny Ca " be ~ 
The present analysis will analyze the available 
mforma ,on on the mode of replication of flav I 
viruses ,n the light of the current knowledge on 

it Pr , e r Sem f °1 ° f PCptides by MHC cl «s 1 and 
class II molecules by infected cells and profe" 
sional antigen-presenting cells. The possibility of 
desigmng symhet.c peptides with motifs to fit dif. 

of CT)R~ C,aSS 1 hap,0types and Pnm^g 
of CDS cy,otox 1C T cells will be discussed The 
.dea, hat such peptides applied to human sk n 

a^„ n " rate ,m ° ' he Ski0 3nd s,imula " the skin 
to th 8 . t u Pre l en ^ S Lan S erhan * cells to migrate 
<a the lymph nodes to prime CTLs will be eval 

Uptake of Fla t ■/.•,>,„„ by Infected Cells and 
Intracellular Sites of Virus Replication and 
Assembly 



Fluviv.ruses mteract with cells by two mecha- 
nisms: a) vir.ons interact with cellular receptors 
and enter the cytoplasm by receptor mediated 
endocvtos, S and b) by direct fusion with the ce, 

S bv «ne ( , V he ; aViV, ' ri0nS that e "<" * 
In ^ ,he u ac,d,c e ndocytotic vesicles are un- 
coated by the proteolytic enzymes in the endt 
^ornes Treatment of the infected cells with weak 

cd^ind 1 fla r iVirUS rCp,ica,ion in certain 
eel s and causes the accumulation of virions in 
endosomes (I.). The acidic endosomes con an 

matrix (ML and the envelope (E) protein, which 
2 t?r a COnformati0 ^' change. The pro 
eTn y ' Pr ° CeSSin 8 of the viral proteins by pro- 

a oH 5 n n , th n e e S 1 osoma ' vesic,es ^ 
.nj£ th i"i Wh " e ' the Vesicle is transported 
ns del e cell cytoplasm. Cathepsin D is respon- 
Mble for proteolyttc cleavage (12). Cathepsin D 
cleaves peptide bond flanked by F-F F-? and 

F-R a^'FFmt'rs L C ' eaVeS Pept ' ide bonds 
L M" , F ( 3K Thus * ^osomal cleavage of 

ZtoZLZT* W k ' JI PTOvide a Wnc set of ... 
!S eS | r ° m thc C " M - and E vi «' Proteins 

P^teinTn J 0 ! ^ am ' n0 aC '" d SCqUenCe Gf Ihe v '>3' 
proteins ot different flaviviruses. 

The flaviviral RN A serves as mRNA (RNA + ) * 
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and contains .-.no cpen pending frame for a poly- 
protein that is partly inserted into the membrane 
ol ihe endoplasmic reticulum (ER). Co : a et al 
( 14) suggested that when the N terminus of the 
polyproteins is in ihe cytosol. the preM. M. and 
MS2 respective proteins are inserted through the 
ER membrane into the ER lumen, and the rest of 
the polyproteins. including NS2A. NS2B. NS3 
ns4a. NS4b. and NS5 at^the carboxvterminus 
are present in the cytosol. The N-terminal do- 
main ot the nonstructural protein of vellow fever 
v ir us was reported to be a serine protease re- 
sponsible for site-specific cleavaees in the viral 
polyprotein (15). The arginine-specific family of 
senne proteinases cleave after an arginine resi- 
due (13). and indeed in yellow fever Virus poly- 
protein the NS2A/NS2B cleavage site is R-S. (he 
NS3/ns4a cleavage site is R-G. the ns4a/NS4b 
cleavage site is R-V. and NS4b/NS5 cleavage is 
R-G (16). In contrast, the proteolytic cleavage 
sites in yellow fever virus polyprotein between 
C/prM is T-L. prM/M is R-A. M/E is S-A 
E/NSI is A-D. and NSI/N53A is A- V (16). 

A similar situation with polyprotein cleavage 
domains was reported for Kunjin virus polvpro- 
tem ( 14). These authors' suggestion that the prM 
M. E. and SI portion of the Kunjin viru.s poly- 
protein is inserted into the lumen of the endo- 
plasmic reticulum is in agreement with the. mode 
of action of the signal proteinases present in the 
ER iumen. Such enzymes cleave peptide bonds 
at specific points in the polypeptide adjacent to 
small ammo acid residues such as alanine (A) 
cysteine <C). glycine (C). and serine tS). This 
supports the Coia et -al. 1 14) suggestion that the 
preM. M. E. and NSI portion of the viral EM 
polyprotein is processed inside the ER lumen 
An additional support lor this suegeslion is the 
Buckley et al. (17) experiment in which antibod- 
ies to the structural E protein of vellow fever 
virus and to nonstructural protein NS5 were used 
to identify the intracellular sites of the viral pro- 
teins. The anti-E antibodies detected the protein 
in the endoplasmic reticulum, around the nucleus 
and in small cytoplasmic vesicles between the 
ER and the cell membrane, which was also 
stained. In contrast, the anti-NS5 antibodies de- 
tected the v.ral protein around and inside the nu- 
cleus. This viral protein was localized in larger 
vesicles dispersed in the cytoplasm. Thus the 
association of the prM. M. E. and NSI proteins 
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with the ER while the rest of the viral proteins 
are ms.de the cytoplasm may have important im- 
plications not only for the formation of mature 
virions in the infected cells but also for the im- 
mune response to the viral proteins. 

The vesicles described by Buckley et al. (17) 
are the transport vesicles that are released from 
the ER membrane and translocated by a specific 
mechanism to ihe pre-Golgi and Golgi apparatus 
<18). Gutrakhoo et al. (II) indicated the proteo- 
lytic cleavage and maturation of the prM. M. E. 
and SI take place in acid post-Golgi vesicles, and 
the maturation process can be inhibited by acido- 
tropic amines such as chloroquine, ammonium 
chloride, or methylamine (19). in agreement with 
the findings of Buckley et al. (17). Sarasate and 
Kuismanen (20) reported that pre- and post-Golgi 
vacuoles operate in the transport of Semliki For- 
est membrane glycoproteins to the cell surface. 

How Viral Proteins are Degraded to Peptides 
and Inserted into MHC Class I and II 
Molecules 

The membrane of the ER separates the lumen of 
the ER Irom the cytosol. generating a compart- 
ment in the cytoplasm into which glycoprotein 
could be mserted and processed under controlled 
conditions. The ER membrane contains inserted 
proteins that are actively responsible for trans- 
porting specific sets of proteins and peptides in 
a selective way from the cytoplasm into the ER 
lumen to fulfill specific cellular functions. Among 
the specific activities of the ER membrane is the 
translocation of MHC class I and class II mole- 
cules trom the cytoplasm and the transfer of pep- 
tides that are the cleavage products of cytosolic 
proteasomes. The ability of flaviviruses to insert 
their structural proteins into the ER membrane 
suggests that the virus, being an obligate cellular 
parasite, is utilizing cellular processes for the for- 
mation ot its virus progeny. 

Cytosolic Proteasomes Near the ER Membrane 

Proteasomes are nonlysosomal cytosolic multi- 
catalync proteinase complexes. These enzymes 
have an alkaline pH optima and do not require 
ATP for activity. The proteasomes are com- 
plexes of high relative molecular mass (M r - 600 
kD). consisting of 2-30 subunits with M r< ranging 
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kl>. -Oriu-Navapreie ci (21) reported 
that at least one of these subunits is encoded by 
the mouse MHC in the region between the K 
locus and the MHC class II region. The expres- 
sion of this gene is inducible bv interferon-v 
Martinez and Monaco <22> also reported that the 
class II region of MHC contains at least two 
genes that code for two subuniis of the protea- 
some and isolated the cDNA correspond^ to 
one of the LMP genes. Kelly et al. (23) Identffied 
«the second MHC class II gene that codes for a 
proteasome subunit. 

The proteasomes are cysteine proteinases and 
can cleave more than one type of peptide bond 
They may be classified according to Bond and 

VIV 35 ,ry P sin,ike < R; X). chemotrypsin- 
tike (F-X). and peptidy-genlamyl peptide bond 
hydro yz.ng enzyme (E-X). The proteasomes. 
being located in the cytosol. can degrade cellular 
as well as flaviviral proteins that are cleaved 
from the viral polyprotein as described above 
Proteasome degradation of viral polyproteins 
that were not inserted into the ER membrane 
may also occur. The peptides that result from 
proteasome degradation of cellular and viral pro- 
teins concentrate near or at the cytosolic side of 
the. ER membrane. 



Transporter Proteins in the ER Membrane Are 
Coded by Two Genes in the Class II Region in 
Human and Murine DNA 

v.. 

Deverson et al. 124) identified the MHC class II 
region that encodes proteins that are related to 
the multidrug resistance (MDR) familv of trans- 
membrane transporters. In human class II re- 
gions the genes are located between DP and 
DQDR (25). These two genes (RING 4 and RING 
N) were identified by Kelly et al. (26). These two 
prote.ns form a complex in the ER membrane 
that transports peptides from the cytosol to the 
ER. Altaya (27) reported that the murine MHC 
class II region contains two genes (Ham I and 
Ham 2) that encode proteins belonging to a su- 
perfamily of ATP-dependent transport proteins 
that mediate the transport of peptides from the 
cytosol into the ER lumen. Thus the proteasome- 
cleaved cellular and viral proteins are trans- 
ported from the cytosol to the lumen of the ER. 



HLA I MHC) Class I and II Chvoprotein, An 
Translocated In ,he N Terminus Through one 
Anchored in the ER Membrane with the N 
Termini in the ER Lumen Capable of Bindhv 
Antinemc Peptides 

two different mechanisms govern the behavior 
of MHC class I and II glycoproteins in the - 
translocation through the ER membrane and pro- 
cessing in the ER lumen, as well during transper 
to their ultimate positions on the cell membrane 
However, the translocation of the different pro- 
tein subumts is carried out by the signal recogrv- 
tion complex (28) that recognizes the signal se- 
quence of the protein subunits and translocate* 
the N terminus through the ER membrane r-. 
an ATP-consummg process until the membrane 
anchor domain of the polypeptide subunit is ir- 
serted into the ER membrane. 



Class I MHC Molecules 

MHC Class I Heavy Chain Molecules 
Assemble with Li U ht Chains ((32 Microglobulin 
in the Presence of Peptides at J7*C and in the,- 
Absence at Lower Temperatures 

Studies by Townsend et al. (29) revealed tha- 
HLA-restricted cytotoxic T cells (CTLs) are spe- 
cific for an antigenic epitope in the matrix proteir 
of influenza virus and described the sequence of 
the peptide from the influenza virus matrix pro- 
tern that was recognized by the human CTL i- 
assoc.ation with HLA-A2.molecules. Analysis of 
a Ranscher leukemia virus transformed C57BL 
6- mouse T cell line (designated RMA) mutan: 
celfs (RMA-S) revealed that this cell line was de- 
fective in assembly of MHC class I molecules a: 
37 C (30). The defect in RMA-S cells was cor- 
rected by gene transfer of a putative peptide 
transporter (27.3 1 .32). These results and Ihose of 
Elliot et al. (33) led to the conclusion that specific 
peptides derived from cellular and viral protein* 
stabilize or mduce in MHC class I heavy chain" 
which results in an increase of the binding af- 
finity between the heavy chain and the 8, mi- 
croglobulin tfl : m) molecule. Elliot et al (33") re- 
ported that 9-10 amino acid (aa) peptides can 
mduce folding of the MHC class I heavy chain 
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in the absence of H2m. To alter the conformation 
of free heavy chains, the peptides must be of 
the correct size. At a lower temperature I9-33°C 
peptide-less {"empty") MHC class I molecules 
made of both heavy and light chains are trans- 
ported to the cell membrane (34). 

Structure of Human Class I Histocompatibility 
Antinens and the Peptide Binding Groove 

X-ray crystallography of human HLA-A2 anti- 
gen by Bjorkman et al. (35) revealed that the 
class I histocompatibility antigen from human 
cell membranes has two structural motifs: The 
membrane proximal end of the glycoprotein con- 
tains two domains with immunoglobulin folds 
that are paired in a novel manner, and the region 
distal from the membrane is a platform of eight 
ant.parallel p-strands topped by o-helices to 
which a "foreign antigen- is bound. The latter 
was identified to be a peptide (35-37). A refined 
analysis of the histocompatibility antigen 
HLA-A2 provided detailed information on "the 
structure and composition of the peptide bindinc 
groove (38). . 

It was found that the conserved amino acids 
side chains are clustered in the narrower ends of 
the groove, while the most polymorphic amino 
acids in the peptide binding domains in mouse 
and human alleles fill up the central and widest 
portion of the groove. The peptide bindinc 
groove is -25 A deep. This suggested to Bjork- 
man et al. (37) that the bound peptide will make 
contacts on three of its surfaces: to the bottom 
and to the two sides of the groove. The binding 
groove contains a number of tyrosines and many 
polar or charged residues as well as nonpola'r 
amino acids, which can accommodate an ex- 
tended polypeptide chain of eight residues. Van 
Bleek et al. (39) suggested that the clustered 
changes in the MHC class I peptide binding 
groove determine the motif of the peptides thai 
are capable of binding to the groove. 

Characterization of Self and Viral Peptides in 
the MHC Claxx I Peptide Bindina Groove 

Silver et al. (40) reported the structure of the 
complex between the human class I histocompat- 
ibihty glycoprotein HLA-AWnN and (he influ- 
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enza virus nucleoprotein peptide Np9l-99 as de- 
termined by x-ray cryocrystallography. It was 
found that residues on both ends of the peptide 
are substantially buried in the peptide binding 
groove, while the amino acids in the middle of 
the peptide are predominantly exposed. This 
finding is in agreement with Saper et al (38) 
who described the presence of six pockets, each 
accommodating one amino acid of the peptide 
Zhang et al. (41) reported that a nuclear capsid 
protein octa peptide (N52-59) of vesicular stoma- 
titis virus resided in the peptide binding groove 
in a single and well-ordered 3-strand. 

Direct analysis and sequencing of peptides 
that were released from the peptide binding 
groove of purified HLA-B27 MHC class I mole- 
cules provided a motif of the peptides derived 
from cellular (self) proteins and from viral pro- 
teins. The peptides contained nine amino acid 
residues with the motif (l)RRYQKSTEL(9) for 
a peptide derived from human histone H3 and 
a peptide derived from HIV-t gag (aa">65-276) 
(l)KRWIILGLNl9) (42). Cuo et al. (43) reported 
up to II amino acids peptides can be found 
attached to the peptide binding groove and 
suggested that the excess amino acids bulge 
in the middle of the peptide. The motif for the 
peptides in HLA-AVV68 was found for self pep- 
tide as well as influenza virus NP9I-99 to he 
ll)KTGGPIYKR(9). 

Falk et al. (44) reported the motif of peptides 
bound to HLA-A2 molecules. The motif was 
for self peptides conformed for reported viral 
peptides such as HIV-I reverse transcriptase 
aa46l-46X: HIV-I gag protein derived peptides 
aa2 19-233. aa4IX-443. and aa446-460: and 
influenza matrix protein peptide aa57-68 
(l)FIL:GFVFTL(9). The peptide binding groove 
was reported by Schumacher et al. (45) to be able 
to select and bind the nine amino acid peptides, 
even when they were a minor component in a 
mixture of longer peptides. From the above stud- 
ies it is noted that three motifs were found in the 
MHC class I bound peptides: a) HLA-B27 in 
most of the peptides the peptide starts and ends 
with argmme (R) or lysine (K): b) HLA-AW68. 
the second amino acid is valine (V) or threonine ' 
(T). and the last amino acid is arginfne (R) or 
lysine (K): and c) HLA-A2. the dominant amino 
acids leucine (L) in position 2 and valine (L) in 
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position 9. These findings m;ty he taken to indi- 
cate that peptides cleaved from cellular or viral 
proteins by the cytosolic proieasomes (which 
proteolyikally cleave near R or K) are pumped 
m the lumen of the ER. where they mix with 
peptides generated from cellular and viral glyco- 
proteins by ER lumen peptidases. The correct- 
size m'ni amino acid peptide is selected by the 
peptide binding groove of MHC class I mole- 
cules, which attains a conformation Lhat allows 
the binding of p2m molecules (at 37°C). 

Transport of MHC Class I Molecules with a 
• Peptide Bound to the Celt Membrane 

The MHC class I mature molecules are trans- 
ported by vesicles from the ER through the pre- 
Golgi and Golgi apparatus, where the glycosyla- 
tion of the molecules take place before transport 
and positioning in the cell membrane with the 
peptide binding groove on the cell surface and 
the carboxy.terminus in the cytoplasm. It was 
reported that a portion of the ER membrane, pre- 
sumably containing inserted. MHC class I mole- 
cules, is released as vesicles that are covered by 
a protein (18). This protein is P-CoP, a 1 10 kD 
protein that associates with vesicles that are not 
coated with clathrin (46). Jn addition to the 
bound form. P-CoP forms' a cytosolic complex 
of M r 550.000. Immunoelectron microscopv has 
localized P-CoP to nonclathrin-coated. vesicles 
and cisternae of the Golgi apparatus. 

The role of P-CoP in vesicular transport was 
studied with the.ts045 mutant of vesicular stoma- 
titis virus. The viral glycoprotein (VSV-G) in in- 
fected Vero cells is blocked in the ER at the non- 
permissive temperature of 39.5°C but is 
transported to the cell surface at 31°C. At I5°C 
or 20°C VSV-G accumulates in an intermediate 
compartment. Pre- and post-Golgi vacuoles op- 
erate to transport Semtiki Forest virus mem- 
brane protein (20). Duden et al. (46) suggested 
that the coat of Golgi-derived vesicles is com- 
posed of a set of proteins: a-CoP (160 kD) may 
be related to clathrin heavy chain. p^CoP ( 1 10 
kD) may be homologous to P-adaptin. 7-C0P (98 
kD) may be homologous to another member of 
the adaptin family, and 8-C0P (61 kD) mav be 
similar to a 50 kD adaptin subunit. 

The vesicles that transport the glycoproteins 



thai were inserted into: the ER membrane must 
fuse, first to form a vesicle, and then they must 
fuse with the cisternae of the Golgi apparatus, 
and finally they must correctly fuse with the cell 
membrane for the MHC class I molecules to 
properly protrude from the cell membrane. Re- 
cent studies by Sotlncr et al. (47) showed that 
the targeting of the transport vesicle is achieved 
by a docking mechanism by which a protein in 
the vesicle membrane docks to a receptor protein 
in the next membranous target (18). The vesicles 
are transported through the cytoplasm to the cell 
membrane by attachment to the cytoplasmic mi- 
crotubules, which are also involved in cell motil- 
ity 148). 

How the T Cell Receptor (TCR) Recognizes the 
Peptide tn the Peptide Groove 0/ the MHC 
Class I Molecules 

. Shin et al. (49) reported that the a chain of the 
T cell antigen receptor (TCRA) after synthesis 
forms a complex after translocation into the ER 
membrane. However, the putative transmem- 
brane amino acid sequence is incomplete to an- 
chor the polypeptide on its own. The TCR is a 
disuifide-Iinked heterodimer of a and p polypep- 
tide chains with polymorphic components of the 
CD3 molecule. The TCR protein complex is 
transported from the lumen to the ER to the cell 
membrane, where they are capable of interaction 
with the "full" peptide binding groove on MHC 
class I molecules. 

Bjorkman and Davis (50) and Saper et al. (18) 
indicated that T-cell receptor molecules show 
structural similarity with the Fab portion of im- 
munoglobulins and the size of the Fab footprint 
is about :o x 30 A. which suggests that TCR 
could simultaneously recognize a peptide and the 
a helical edges of the peptide binding groove 
(about 20 A wide and 30 A long). It was sug- . 
gested that the third and most hypervariable re- 
gions of TCR a and p chains might be the pri- 
mary contact to the peptides in the peptide 
binding groove (51). 

Removal of MHC Class I Molecules from the 
Cell Membrane 

Vega and Strominger (52) reported that HLA 
class I molecules are removed from the plasma 



M 

M 

Cr 
!> 
tw*i 

va 

(i I 

I.K 

sy 

1 hi 

po 

int 

■ a; 

hv 

an- 

Th 

nc: 

sp. 

:o 

re- 

thL 

tid 

ve 

sut 

«4- 
oni 

mc 
imr 
ha> 
me 
top 

Tn. 
■CV. 

Wi: 

thn 

are 

the 

are 

to r 

cha 

din; 

Pp. 



> 



10/16/2002 18:31 FAX 



@OOS 



e mu\t 
y miiM. 
uracil v 
ho cell. 
■ lies U) 
e. Re- 
d thai 
hieved 
lein in 
Tolein 
:sicles 
ie cell 
:fc mi- 
motil- 



s ///< 



)f the 
•hesis 
e ER 
nem- 

0 an- 

1 is a 
pep- 

the 
:x is 
: cell 
:tion 
■IHC 

(38, 
how 
v im- 
irint 
TOR 
; the 
ovc 
sug- 
• re- 
pri- 
tide 



mcmonmc: in the absence of specific antibody 
hy en Jocyiosis. ' * 



MHC Class II Molecules 

MHC Class II a . fi . and /„,.„,,,„„ /y^,.,^ 

Cresswell et al. (53) studied the structural and 
unct.onal aspects of the HLA class II glycopro 
ie.ni a ud (1. and their association wifh the Z 
vanant (I) polypeptide chain. The class II aand 
f polypept.de chains are cotranslationall ' t rans 
located through the ER membrane and are gJ y co 

the JJ subumt and two on the a subunit The « 
polypept.de contains 232 amino acids drv* e d 

.a 88 T 8 ,rr nal domains Q ' (aa '- 87 «S «2 

ntrfro'L COnnect,n * Peptide <aal82-J94) ^ 
hydr 0 phob.c transmembrane region (aa!95-*i7, 
and a „ .ntracytoplasmic region (aa2 18-232) * • 
The al domain and the 01 domain on the S poly- 

snotlh,"? h '! h,y P°'^ or Phic and appear e . 
spons.bk for b.nding peptides at what app ears 
to be a s.ngle site for' recognition by MHC 
restneted antigen-specific T ceHs ,55,. Howeve^' 

■t'h T"? ° f PCp,ides wilh «' and p, pep." 
t.de bmd.ng domain of class II molecules s pr e 
vented by the rapid association of 31 kD t-f.rd 
subuna (designated invariant HI chain) ^Tih ,K 
U ' P hete _r 0d ..mer. The I chain is not encoded bv 
one of the MHC genes and has no sequence ho 
mology w.th the a and 0 chains or with the 
^munoglobulin superfamily. The I polvpept de 
has m 2 N-lmked glycans and is inserted 'i n < 0 £ 

tooSsmic^ " S N ,erminUS - Which » cy- 
toplasmic domam consisting of 30 amino acids 
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Transport of Class II Comply to the 
(.ell Membrane 

Within 30 min of their association in the ER , he 
three charns of class II MHC leave the ER and 

heSr r,ed by VeSide! ' ,hat «^ou h 
the Golg, apparatus, where the N-linked glycans 

o™ha ed °-"' nked a^addS 

to the I cham. After 1-3 hr proteolysis of the I 

Q'mer (53) The a I and 3 1 domains of the a and 
3 Polypept.des.are now able ,o reach the correct 



.19 

conformation, namely. , hc ul and pi N-terminal 
ammo acd sequences form the rin. of.he 2 

cule form the bottom of the groove (56). 

MHC Class II Empty Molecules Interact 
mth Peptides 



R'berdy et al. (57) indicated that the cytoplasmic 
pornon (the N-terminus, of the invariant chTin 
contams a cytoplasmic signal that targets the 
class II mvariant chain to an acidic end o! 
compartment. Thus, one source of peptide Tat 

shouWb e h : MHC !! aSS " P e P«^ binding groove 
should be the pept.des derived from the deerada 
•on of the class I polypeptide, and the o her " 

SeTb y v b t L the Pep : ideS in the ^osoZ 
generated by the proteolytic cleavage of exose- 

nous protems such as endoevtosed viruVoart! 
des cleaved by the endosoma. cathep n R 
ral glycoprotems such as those of fla viruses are 
sauated .n the ER membrane near the c ass 
"jolecues. then the vesicle transporting , he 

an^h r S . m ° leCU,eS l ° ,he endoso ^l vacuole 
and the Golg, apparatus and the cell membrine 
-HI transport the viral structural pro eTn An in 

r nt i happen in hiv -' ^ d 

MHC cln f, nd,n , 8 th3t the H,V -' v ' ri °n contain 
MHC class H molecules as we || as the viral gp^S 
glycoprotein (58.59). ep 

Riberdy et al. (57) reported that class II mole 
cules were efficiently loaded with antigen c De 
Mdes enved Jrom the invariant chain.'Kn^' 

we? r d an k d Sequenced P^Pf des tha 

were removed from the mouse class 11 molecules • 
and lound tha, most of the isolated pept.des from 
^ protems and murine leukemia virSs (MuL v" 

tified ,h, am ' n ° aC ' dS Per pe P ,ide - Th «v iden- 
-fied the ammo ac.ds that determine the motif of 

ZZl P , reSUmab, - v Ihe "nino acids in the 

olliZ w V m <hC ai and P ' donia ''^ of the 
pepl.de bindmg groove. Hunt et al. (61 ) indicated 
hat between 650 and 2000 differem pep idesTre 

A i rne ,Cd W :' h MHC C ' aSS " m0leC ^ of l-A 
All the pept.des were derived from secretory or 
membrane proteins. The peptides were 16 % - 
rescues long, had ragged NH, and COOH Ve 
mm,, contamed a six-residue binding groove and 
were suggested to be open at both ends 
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The vesicle and the endosome interaction and 
transport through the Golgi apparatus (details 
unknown) will eventually reach and fuse with the 
cell membrane, and the MHC class 11 molecules 
with a 16-I8aa peptide in the peptide binding 
groove will appear on the ceil membrane. 

TCRs of J Helper Cells Interact with MHC 
Class It Molecules 

The different structures of the peptide binding 
grooves of MHC class I and II are the basis for 
their selectivity. While class I molecules interact 
with cytotoxic T cells and prime these cells to 
recognize the presented peptide, the class II mol- 
ecules interact with T helper cells, which transfer 
the information about the antigenic peptide to 
cells for the synthesis of specific antipeptide an- 
tibody. 

Thus, the presentation of viral peptides on 
class 1 and II molecules depends on their cy- 
toplasmic compartments, which determine the 
mode of proteolytic cleavage and presentation to 
class I or !I MHC molecules. Nonstructural viral 
peptides will be proteolytically cleaved by cyto- 
sol proteasomes and therefore will generate pep- 
tides with MHC class I motifs and cytotoxic T 
cells. Viral glycoproteins may be cleaved by en- 
dosomal proteases, and thus longer peptides ca- 
pable of interaction with class II molecules will 
be formed, leading to the synthesis of antiviral 
antibodies. 



v Cellular Immune Response to Flaviviruses and 
the HLA Class I Haplotypes in Populations of 
Endemic Regions 

Flaviviruses Are Able to Stimulate the Immune 
Response of the infected Host by Priming 
Antiviral Cytotoxic T Cells and Antiviral 
Antibodies 

Hill et al. f62) used a panel of recombinant vac- 
cinia viruses that expressed portions of the com- 
plete cDNA of Kunjin virus genome to infect tar- 
get cells. Anti-Kunjin CTLs were generated to 
determinants derived from nonstructural pro- 
teins; NS3. ns4a, and NS4b were particularly 
dominant in most virus strains. Usually only one 
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class I MHC restriction element was involved. , 

CTLs were obtained to West Nile virus proreins. i 

Bukowski et al. (63) reported on T-cel! re- I 

sponses in mice and humans of both helper and t 
cytotoxic types. A CD8" CTL response in Den- " 
gue 4 virus immune donor lysed Dengue -t and 

Dengue 2 virus infected cells and cells that were n 

pulsed with antigen from all four Dengue virus v. 

subtypes. Two CTL determinants were reported; I < 

one in E and one in NS2B/NS3/ns4a proteins. c 

The recognition of helper T cell epitopes in a 
the envelope (E) glycoprotein of the flaviviruses r 
Japanese encephalitis. West Nile, and Dengue u 
viruses was reported by Kutubuddin et al. t64). >.\ 
Roehrig et al. (65) used computer-designed syn- ^ 
thetic peptides according to the putative anti- 
genic domains in the E glycoprotein of Murray /, 
Valley encephalitis virus to elicit antibody re- /; 
sponse using adjuvants. However, the ability of // 
anti-Dengue fever virus antibodies to enhance // 
the severity of the disease in children previously 
infected with another Dengue virus type compli- i 
cates the development of either killed or live at- c - 
tenuated vaccines. r c 

ai 

Histocompatibility Antigens in a Human n 

Population in an Endemic Region for Denvue cr 
Virus and its Relation to Dengue Hemorrhagic 

Fever and Dengue Shock Syndrome u: 

K 



Chiewsilp et al. (66) reported in a pilot stuc> on li- 
associations between the frequency of HLA-A2. tc 
HLA-B blank, and LHA-BI3 and Dengue hem- lu 
orrhagic fever and Dengue shock syndrome. An w 
increased frequency of HLA-AI and HLA-A9 n- 
was found in patients with primary Dengue dis- 
ease. The finding of increases of HLA-A2 and rr 
HLA-B blank and decreases in HLA-BI3 only ih 
in patients who developed shock was regarded si 
as "provocative", since children who did no; de- ( u 
velop shock had a similar distribution of HLA * ct 
types as the controls. ct 

Can Priming of CTLs Against Viruses by u\ 

Synthetic Peptides be Achieved In Vivo «>i 

Without Inducing Antiviral Antibodies ' g» 

T 

Cytotoxic T cells to respiratory syncytial \irus 'V 

(RSV) nonstructural proteins were reported to ' ^ 
effectively eliminate ceils infected by the virus 
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in the absence of a Mrong humoral response (f>7) 
Kast et al. (68.) reported thai mice immunized 
with Sendai virus hueleopri.tein svnthetie pep- 
tide ua32-l-336 by subcutaneous inoculation in- 
duced yirus-specific CTL memorv response 

Schultz ei al. (69) reported that the subcuta- 
neoustnfection of the T-cell epitope, a synthetic 
unmodified free 15 amino acid peptide of the 
lymphocytic choriomeningitis virus (LCMV) nu- 
cleoprotein. emulsified in incomplete Freund-s 
adjuvant, induced in mice an anti-LCMV specific 
protective state. This immune response was cor- 
related with the ability of the immunized mice to 
respond to the peptide challenge by CDS" virus 
specific T cells. 

Interaction of Viral Peptide Cytoplasmic 
Degradation Products of Viral Proteins will, 
HLA Class 1 Molecules Responsible for the 
Induction ofCD8- CTLs in Humans 

The amino acid sequence of viral noriapeptides 
extracted Irom antiviral CTLs revealed that dif- 
ferent HLA class I haplotypes require different 
amino acid sequences of the viral nonapeptide 
to fit then- peptide binding grooves, which are 
changed due to mutations of the HLA class I 
Senes. Jardetsky et al. (42) reported that HIV-I 
gag derived nonapeptide [gag i\a2b5-V(> (I) 
KRWMLGLN (9>j was extracted from the pep- 
tide binding grooves of purified HLA-B27 pro- 
tein molecules. However, the HIV-1 gag pen- 
t.des derived from HLA-A2 protein molecules 
were nonapeptides with a different amino acid 
motif (see previous discussion). 

These and other studies of the viral peptide 
motifs in different HLA haplotypes indicated 
that the viral proteins, in most cases the non- 
structural viral proteins, are deeraded by the cy- 
toplasmrc proteasomes system (see previous dis- 
cussion) and the peptides are pumped into the 
endoplasmic reticulum. Of the large number of 
viral peptides that resulted from the proteolytic 
degradation of the viral nonstructural peptides 
only a few may fit perfectly into the bindinu 
groove of the HLA class I proteins molecules: 
the HLA class I molecule is assembled and 
folded when the pi-microglobulin molecule in- 
teraas with the HLA class I heavy chain, an- 
cnored in the membrane of the endoplasmic re- 
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ticulum. to obtain its correct conformation (see 
previous discussion). 

Another source of t he viral peptides that inter- 
act w.th HLA class I molecules in the endoplas- 
mic reticulum are the viral peptides derived from" 
the signal peptides of the viral glycoproteins. The 
viral signal peptides are proteolytically cleaved 
k alter the entry of the viral glycoprotein molecule 
through the endoplasmic reticular membrane 
into the lumen. These viral peptides must have 
the proper amino acid motif to be able to fit the 
HLA haplotype of the human cells. 

Administration of Viral Peptides to Skin 
Langerhans Cells as a Novel Approach to 
Priming of Antiviral CD8* Cytotoxic T cells 

In Vivo Site of Peptide Injection to Stimulate 
Antiviral CTLs 

In the study by Schulz et al. (69) cytotoxic T 
cells to LCMV were induced by the subcuta- 
neous injection of viral synthetic peptide into 
mouse skin. It is logical to assume that the type 
ot cells in the skin capable of interacting with the 
viral peptides are the skin Langerhans cells (70) 
Cheme et al. (71) reported that human cytotoxic 
cells stimulated by antigen on dendritic cells 
recognized respiratory syncytial virus proteins 
Knpke et al. (72) provided evidence that cutane- 
ous antigen-presenting cells migrate to regional 
tymph nodes during contact sensitization. Mc- 
Kmney and Streilein (73) demonstrated that sen- 
sitization enhances the capacity of Langerhans 
cells to prime cytotoxic T cells in vivo. The ex- 
pression of H LA class I molecules on the plasma 
membrane ot Langerhans cells (70) and the abil- 
ity of Langerhans cells loaded with antigen to 
travel from the epidermis, through the lymphat- 
ics ol the dermis, to the lymph nodes, the site 
where they perform antigen presentation to 
CD8- or CD4- T cells, makes these cells of 
marked importance for the priming of the cellular 
antiviral immune response. 

Priming ofCD8' Cytotoxic T Cells h\- 
Synthetic Peptides Under In Vitro Conditions 

Skin Langerhans cells belong to the dendritic cell 
lineage that originate in the bone marrow from 
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specific progenitor ceHv Dendritic cells, en- 
riched from human peripheral blood, were ex- 
posed to HIV in vino and small numbers -or these 
cells were added to T lymphocytes. After 6 days 
cytotoxic T cells were obtained that killed in- 
fected autologous but nor allogeneic phytohe- 
magglutinin stimulated blast cells. The prrmed 
cytotoxic T cells showed cell killing was re- 
stricted by HLA class I. Dendritic cells pulsed 
with a HIV gp 120 peptide (aal 1 1-126) stimu- 
lated cytotoxic T cells under in vitro .conditions. 
The report on the priming of CDS" T cells in 
vitro by a synthetic viral peptide presented by 
dendritic cells can be used as a method to eval- 
uate the priming capacity of the synthetic viral 
peptide (74). 

Computer Analysis of (he Cleavage Partem of 
Viral Structural and S oust natural Proteim 
and Computational Determination of Viral 
Peptide Motifs 

Computer analysis of che sequence of proteolytic 
cleavage of viral pro;eins can be used to select 
the amino acid sequences in viral proteins with 
motifs to fit HLA class 1 haplotypes. Computer 
analysis is based on the proteolytic cleavage pat- 
tern of the cytosolic proteasome proteolytic en- 
zymes and the signal peptidases in the endoplas- 
mic reticulum (Y. Becker, to be published). In 
conjunction with computer analysis of the cyto- 
plasmic cleavage patrern of the viral proteins, it 
is necessary to use a computational analysis of a 
different type to determine the three-dimensional 
properties of the peptide binding grooves of 
HLA haplotypes. for which x-ray" crvstallo- 
graphic analyses are not available. Sezerman et 
al. (75) reported on the computational determina- 
tion of peptide-HLA three-dimensional structure 
based on the coordinates of known HLA haplo- 
types. Rosenfeld et al. (76) developed a success- 
ful computation anaksis of the structure of pep- 
tides bound to M.HC class I. The use of these 
computational technologies will provide new 
tools to predict the amino acid motifs of viral 
peptides capable of interaction with and presen- 
tation by HLA haplotypes prevalent in human 
populations in endemic areas to protect against 
virus infections. 



How Co 'Achieve -Priming of Knti-Derrgue Virus 
CD8* Cytotoxic T Cells to Protect Against 
Dengue Fever 

Design of Specific Denote Viral Peptides to Fit 
HLA Httplotype of Human Populations in 
Endemic Areas 

To determine the properties of Dengue virus or 
Japanese encephalitis virus peptides that are in- 
volved in priming of CD8* cytotoxic T cells, it 
is possible to extract peptides from white blood 
cells from the peripheral blood of Dengue virus 
infected individuals and to determine the amino 
acid sequences of the isolated peptides. These 
amino acid sequences will be compared to the 
amino acid sequences of Dengue virus proteins. 
In addition to this study/ it may 'be possible to 
use the computational approach to predict the 
motifs of the Dengue virus peptides, which may 
be used to immunize human populations with dif- 
ferent HLA haplotypes to prime CTLs. The in 
vitro priming by the viral peptide treated den- 
dritic cells of CD8- cytotoxic T cells capable of 
killing Dengue virus infected cells may provide 
the basis for immunization of humaiTs*w"ithT)en- 
gue virus synthetic peptides. A similar approach 
can be used in the design of Japanese encephali- 
tis peptides for the priming of CTLs. 

Immunization of Humans with Synthetic 
Dengue Virus Peptides Introduced by a 
"Peptotiotr- into the Skin of Humans to 
Stimulate Lan^erhans Cells to Prime Cytotoxic 
T Cells ' 

The idea that is presented in the present analysis 
is that synthetic Dengue virus peptides should 
be identicul to Dengue virus peptides that are 
naturally presented by antigen-presenting cells to 
cytotoxic T cells in infected individuals. How- 
ever, since Dengue virus endemic areas are in- 
habited by human populations that vary in their 
HLA class I haplotypes. it is necessary to as- 
sume that different Dengue virus peptides may 
induce cytotoxic T cells. The computational ap- 
proach to three-dimensional analysis of HLA 
.class | haplotypes (75) and the motifs of the pep- 
tides (76) may enable the design of Dengue virus 
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s\ ni-hctic popiiJos to til (he grooves of the differ- 
ent class I haplotypes. It is necessarv. therefore, 
to determine the HLA class ! huploiypes preva- 
lenl in (he different human populations of Den- 
gue virus endemic areas around the world. 

The synthetic viral peptides should be emulsi- 
fied in a skin lotion (designated *'ftepl.oUon'')lhut 
can be applied to the skirt of each individual in 
the human population irt the Dengue virus en- 
demic -regipn. Such applications of the ~Pcph>- 
tion" to th< skin can be done by the members 
of the population without need for syringes or 
medical or .paramedical staff. The ^Peplotion'* 
containing Dengue virus peptides may not need 
refrigeration and thus are useful in hot climates. 
The "Peplotion" Dengue virus peptide vaccine 
may contain, in addition to the HLA elass I virus 
peptide(s), substances that Avill enhance the pen- 
etration of the peptide molecules throueh the epi- 
dermis to the layer of the Langerhans cells In 
addition, the "Peplotion" may contain a mos- 
quito repellant. It is hoped that the Dengue virus 
"Peplotion" may be capable of inducing cyto- 
toxic T cells to Dengue virus that will be able to 
destroy Dengue virus infected cells in Dengue 
virus infected individuals. Elimination of "the 
Dengue virus infected cells prior to release of the 
virus progeny will prevent the Dengue fever and 
its outcome, the shock syndrome. The use of the 
Dengue virus "Peplotion" will prevent or mark- 
edly reduce the synthesis of anti-Dengue virus 
neutralizing antibodies, which were implicated in 
the development of the Dengue shock syndrome 
in Dengue fever patients (}). 

Synthetic Dengue virus peptide epitopes, ca- 
pable of interaction with the peptide binding 
grooves on HLA class I molecules, due to their 
resemblance to viral peptides presented by HLA 
class I on infected cells when introduced to hu- 
man skin Langerhans cells, will be presented in 
the lymph nodes to CD8" T cells to prime 
CTLs. Introduction of Dengue virus synthetic vi- 
ral peptides with the amino acid motifs to fit the 
HLA class I peptide grooves on the HLA class 
I haplotypes prevalent in human populations of 
endemic regions where highly pathogenic viruses 
prevail (f or which conventional vaccines cannot 
be developed) can be used to prime antiviral 
cytotoxic CDS' T cells. Since human ethnic 



populations differ in iherr HLA class I haplo- 
types. the viral synthetic peptides with HLA 
class I motifs to be used as "Peplotions" must 
be made to til the prevalent HLA haplotypes in 
each human population to be immunized. Such 
a "Peplotion" vaccine will resist climatic condi- 
tions prevailing in Dengue fever endemic re- 
gions, can be easily applied to the skin without 
the need of syringes and medical personnel, and 
can be affordable to populations in developing 
countries. 
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